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Abstract 
The monoethanolamine CO2 capture campaign of the CASTOR project was completed in January 2007.  It consisted of 12 runs utilizing 
varying solvent flow rates and lean loading.  Experiments utilized an insulated 1.1 meter diameter absorber which contained four 4.25 meter 
beds of IMTP-50 packing.  In addition to a multitude of other measurements, gas phase temperature and CO2 concentrations were obtained at 
the five locations around the four beds of packing. 
An Aspen Plus® RateSep™ absorber model was created to simulate the 12 runs.  Although the predicted gas phase temperature profiles were 
slightly higher in the simulations, the model successfully represented both gas phase temperature and CO2 profiles in the absorber.  The model 
was not forced to fit the pilot plant data. 
© 2008 Elsevier Ltd. A    
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1. Introduction 
In January 2007, Campaign 2 of the CO2 capture research project "CASTOR" was completed.  The project was funded by the 
European Commission (Contract n° SES6-CT-2004-502586).  Pilot plant experiments were conducted using an approximately 5 
M (30 wt % or 7 m) monoethanolamine (MEA) solvent. 
 
An Aspen Plus® RateSep™ absorber model was created to simulate the absorber pilot plant data from the CASTOR project.  
Details on the absorber model construction (including the thermodynamic, kinetic, and hydraulic models) have been previously 
released [1].  This paper details the pilot plant operating conditions and demonstrates the effectiveness of the Aspen Plus® 
RateSep™ absorber model in simulating absorber performance. 
2. Pilot Plant and Aspen Plus® RateSep™ Absorber Model Results 
The twelve Campaign 2 pilot plant runs studied a wide range of operating conditions.  The liquid flow rate ranged from 13 to 
24 m3/m2h while the lean loading of the solvent ranged from 0.16 to 0.28 molCO2/molMEA due to varying degrees of regeneration 
in the reboiler.  In addition to a varitey of other measurements, the CASTOR experiments measured both gas phase temperature 
and CO2 profile data at five points in the absorber.  These measurements were located around each of the four 4.25 meter beds of 
IMTP-50 packing.  The insulated absorber has an inside diameter of 1.1 meters. 
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Table 1 shows the experimental measurements and calculated results for the solvent.  The solvent flow rate is calculated from 
measured volumetric flow rates and Weiland’s MEA density correlation [2].  The MEA concentration is presented on a CO2-free 
or unloaded basis.  Table 1 also shows the measured rich loading, calculated rich loading from the gas phase material balance, 
and the obtained rich loading from the absorber model.  The calculated rich loading from the gas phase material balance was 
determined to be more accurate than the measured rich loading due to experimental techniques.  The measured rich loading was 
always below the calculated rich loading. 
Table 1.  Absorber Solvent Conditions for Campaign 2 of the CASTOR Pilot Plant 
Run Temp Flow Rate MEA Lean CO2 Loading Meas Rich CO2 Loading Calc Rich CO2 Loading Model Rich CO2 Loading
C kg/hr wt% , unloaded basis mol/mol mol/mol mol/mol mol/mol
1A 40 24361 32.3 0.275 0.452 0.465 0.454
1B 40 20034 33.0 0.249 0.464 0.478 0.467
1C 40 17486 32.4 0.224 0.469 0.482 0.474
1D 40 15395 32.8 0.193 0.466 0.490 0.482
1E 40 12910 32.3 0.166 0.470 0.510 0.495
2A 40 16107 32.2 0.192 0.460 0.481 0.470
2B 40 16215 32.2 0.223 0.462 0.486 0.486
2C 40 16371 31.5 0.270 0.468 0.486 0.502
3A 40 16151 31.7 0.209 0.456 0.483 0.477
3B 40 15615 31.1 0.207 0.473 0.483 0.479
3C 40 17764 31.0 0.224 0.461 0.465 0.453
3D 40 19894 30.2 0.241 0.453 0.458 0.448  
 
In most cases, the model predicted slightly lower rich loadings than the calculated rich loading.  However, the match is very 
good considering the range in the lean solvent operating conditions and the fact that the model was not fit to the pilot plant data. 
 
Table 2 shows the experimental measurements and calculated results for flue gas conditions.  Flue gas conditions 
(temperature, flow rate, and composition) remained relatively constant throughout the 12 pilot plant runs.  The CO2 concentration 
was measured from a dried gas and water-free CO2 concentrations are presented throughout this paper.  Due to the design of the 
pilot plant, the inlet flue gas was determined to be saturated at the inlet temperature.  For modeling purposes, 5% of the vapor 
was assumed to be oxygen with the balance nitrogen.  The experimental and measured CO2 removals and outlet CO2 
concentrations are also compared in Table 2.  Finally, Table 2 includes pressure drop estimates for the packing.  Using the Billet 
and Schultes pressure drop model [3] modified for IMTP-50, a portion of the measured pressure drop was assigned to the 
packing.  The remaining pressure drop was attributed to the demister, liquid distributors, constrictions, and the Flexipac 250Y 
structured packing used for the water wash. The measured pressure drop for runs 3A-3D was deemed erroneous and estimates 
were used. 
Table 2.  Flue Gas and Packing Pressure Drop Conditions for Campaign 2 of the CASTOR Pilot Plant 
Run Temp Pres Flow Rate Inlet CO2 Meas Outlet CO2 Model Outlet CO2 Meas CO2 Removal Model CO2 Removal Run Packing Pres Drop
C barg kmol/hr Dry mol% Dry mol% Dry mol% % % mbar
1A 47.8 -0.02 219 13.2 1.5 2.4 90 84 1A 53
1B 49.1 -0.02 224 13.4 1.5 2.2 90 86 1B 49
1C 48.6 -0.03 220 13.1 1.5 2.0 90 87 1C 45
1D 48.8 -0.03 220 13.5 1.4 1.9 91 88 1D 43
1E 49.2 -0.04 223 13.1 1.6 2.3 90 84 1E 42
2A 49.8 -0.03 218 13.3 1.0 1.5 94 90 2A 44
2B 49.8 -0.03 220 13.3 2.3 2.4 84 84 2B 43
2C 46.9 -0.04 224 13.2 4.9 4.2 66 71 2C 43
3A 48.0 -0.03 222 12.5 1.4 1.8 90 87 3A 45
3B 49.0 -0.03 220 12.4 1.7 1.8 88 87 3B 45
3C 47.8 -0.03 220 11.3 0.9 1.4 93 89 3C 45
3D 47.0 -0.03 217 11.4 1.0 1.5 92 88 3D 45  
 
In most cases, the model predicted lower CO2 removals which are directly related to the lower predicted rich loadings shown 
in Table 1.  Tables 1 and 2 include all the required experimental conditions to simulate absorber performance. 
 
The simulated gas phase temperature and CO2 profiles in the absorber are shown in Figures 1-12.  The points represent the 
measured pilot plant data.  The lines represent the Aspen Plus® RateSep™ model predictions. 
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Figure 1.  Run 1A – Absorber Gas Temperature and CO2 Concentration Profile     Figure 2.  Run 1B – Absorber Gas Temperature and CO2 Concentration Profile 
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Figure 3.  Run 1C – Absorber Gas Temperature and CO2 Concentration Profile     Figure 4.  Run 1D – Absorber Gas Temperature and CO2 Concentration Profile 
50
55
60
65
70
75
80
0 5 10 15
Packing Distance from Top of Absorber (m)
G
as
 T
em
pe
ra
tu
re
 (C
)
0
2
4
6
8
10
12
14
Va
po
r C
O
2 (
dr
y 
m
ol
%
)
50
55
60
65
70
75
80
0 5 10 15
Packing Distance from Top of Absorber (m)
G
as
 T
em
pe
ra
tu
re
 (C
)
0
2
4
6
8
10
12
14
Va
po
r C
O
2 (
dr
y 
m
ol
%
)
 
Figure 5.  Run 1E – Absorber Gas Temperature and CO2 Concentration Profile     Figure 6.  Run 2A – Absorber Gas Temperature and CO2 Concentration Profile 
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Figure 7.  Run 2B – Absorber Gas Temperature and CO2 Concentration Profile     Figure 8.  Run 2C – Absorber Gas Temperature and CO2 Concentration Profile  
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Figure 9.  Run 3A – Absorber Gas Temperature and CO2 Concentration Profile    Figure 10.  Run 3B – Absorber Gas Temperature and CO2 Concentration Profile 
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Figure 11. Run 3C – Absorber Gas Temperature and CO2 Concentration Profile   Figure 12.  Run 3D – Absorber Gas Temperature and CO2 Concentration Profile
Figures 9 and 10 do not include CO2 concentration measurements from the three redistribution sections between the four 
sections of packing.  The CO2 concentrations in the redistribution sections were measured briefly during each experiment while 
the inlet and outlet CO2 concentrations were measured throughout the experiment.  For this reason, the inlet and outlet CO2 
concentrations may be more trustworthy than the internal points.  Particularly, the measured CO2 concentration at 13 meters in 
Figure 11 looks suspicious. 
 
The temperature bulge was always seen at the top of the absorber.  This is reflective of the relatively low L/G ratio for the 
experiments.  A low liquid flow rate could be utilized because the MEA solution entering the absorber was lean enough to have a 
high CO2 capacity. 
 
Generally, the simulations slightly over predicted the temperature profile in the absorber.  However, the shape of the 
temperature profile was generally accurate.  The most likely cause of this trend is a small error in the heat of absorption data 
input into the model.  However, a material balance, heat capacity, or measurement error is among many other factors that could 
lead to the slight over prediction of the absorber temperature profile.  It is important to consider the magnitude of the temperature 
bulge in these experiments.  The solvent was always fed to the absorber at 40˚C while the maximum temperatures in the absorber 
reached the 70-75˚C range. 
 
The simulated CO2 profiles generally fell slightly below the measured CO2 concentration profiles within the absorber.  This 
was expected due to limitations in creating the kinetic model [1].  The Aboudheir laminar jet absorber experiments [4] showed 
the rate constant to be a function of the CO2 loading of the solution [1].  Since Aspen Plus® required a single rate constant, the 
rate constant for the average CO2 loading was implemented into the model.  This average rate constant effectively overestimates 
kinetics at the rich end of the absorber causing a faster than expected reduction in the CO2 concentration at the bottom of the 
column.  Conversely, the underestimation of the rates at the top of the column causes a flattening of the CO2 profile curve.  
Overall, the underestimation and overestimation should roughly cancel, predicting the correct outlet CO2 concentration.  The 
model was fairly accurate in predicting the correct outlet CO2 concentrations. 
 
It is important to state that there are no fitting parameters in the model which force it to match experimental data.  The 
thermodynamic, kinetic, hydrodynamic, and other aspects of the model were defined independently before the CASTOR test 
conditions were simulated. 
Temp Temp 
Temp Temp CO2 CO2 
CO2 CO2 
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3. Conclusions 
The Aspen Plus® RateSep™ absorber model showed the ability to effectively simulate the CASTOR pilot plant absorber 
performance over a wide range of lean solvent conditions.  The liquid flow rate ranged from 13 to 24 m3/m2h while the lean 
loading of the solvent ranged from 0.16 to 0.28 molCO2/molMEA.  The gas phase absorber temperature profile given by the model 
was generally slightly higher than measured values.  The temperature profile shapes were generally accurate.  The simulated CO2 
profiles in the absorber generally fell below the measured CO2 profile data.  This was expected due to a limitation in the 
definition of the rate constant which resulted in overestimated kinetic rates at the bottom of the column and underestimated rates 
at the top of the column.  As expected, the overestimation and underestimation mostly canceled, yielding a fairly accurately 
predicted outlet CO2 concentration. 
 
Since the Aspen Plus® RateSep™ absorber model does not use any fitting parameters to match results to the pilot plant, the 
model can be used as a reliable and efficient tool to predict MEA-CO2 capture performance over a wide range of operating 
conditions. 
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